EDITORIAL

Cardiorespiratory Fitness:
An Independent and Additive Marker of Risk Stratification
and Health Outcomes

Guidelines and recommendations for conventional cor-
onary risk factors are widely available, as are clinical-
ly relevant threshold values for the treatment of hyperten-
sion, cholesterol and its subfractions, overweight/obesity,
and impaired fasting glucose. Although increasing levels
of physical activity and aerobic capacity (cardiorespiratory
fitness) are widely believed to be cardioprotective, Wil-
liams' reported that these variables have significantly dif-
ferent associations with cardiovascular disease. Regarding
physical activity (independent of aerobic fitness), the risk
of cardiovascular disease decreased linearly when plotted
as a function of the cumulative percentages of the samples
ranked from least active to most active (Figure). However,
when analyzed according to aerobic fitness, there was a pre-
cipitous decrease in cardiovascular disease risk when com-
paring the lowest (0) to the next-lowest (ie, 25th percentile)
fitness category. Beyond this demarcation in aerobic fitness
category, the reductions in relative risk paralleled those ob-
served with increasing physical activity alone. Accordingly,
there was a 64% decrease in the risk of heart disease from
the least to the most aerobically fit and a 30% decrease from
the least to the most physically active. It was concluded that
being unfit (the least fit cohort) warrants consideration as
an independent risk factor for coronary heart disease and
deserves screening and intervention.

Numerous epidemiological studies in apparently healthy
men and women, those with comorbid conditions (eg, over-
weight/obesity, hypertension, type 2 diabetes mellitus), and
those with suspected or known coronary artery disease have
now identified a low level of aerobic fitness, expressed as
metabolic equivalents (METs; 1 MET = a whole-body oxy-
gen consumption of 3.5 mL O,/kg/min), as an independent
risk factor for all-cause and cardiovascular mortality.>'
Low-fit participants were approximately 2 to 5 times more
likely to die during follow-up compared with their more fit
counterparts. The study by Lyerly et al,'' published in the
current issue of Mayo Clinic Proceedings, extends these
analyses to a cohort at increased risk of cardiovascular
disease, that is, middle-aged women with impaired fasting
glucose (100.0-125.9 mg/dL; to convert to mmol/L, mul-
tiply by 0.0555) or previously undiagnosed diabetes (fast-
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ing glucose 2126 mg/dL), with specific reference to the
modulating influence of overweight/obesity as reflected by
body mass index (BMI; computed as weight in kilograms
divided by height in meters squared).

To evaluate the isolated and combined associations of
aerobic fitness and BMI on the risk of mortality in women
with impaired fasting glucose or undiagnosed diabetes, Ly-
erly et al conducted a retrospective analysis of data from
the Aerobics Center Longitudinal Study of 3044 apparently
healthy women (mean age, 47.4 years) who underwent pre-
ventive medical examinations, including a
maximal treadmill exercise test (January 26, | See also
1971-March 21, 2001). None of the study | page 780
patients had previous cardiovascular events
or a history of diabetes mellitus at baseline. Cardiorespira-
tory fitness was estimated from the attained speed, grade,
and duration of maximal treadmill testing to volitional ex-
haustion or adverse signs/symptoms. Patients were catego-
rized into age-adjusted low (bottom 20%), moderate (next
40%), or high (most fit 40%) groups.

During a mean follow-up of 15.6 years, 171 deaths were
recorded. Those who died tended to be older, had lower
levels of age-adjusted cardiorespiratory fitness, and were
more likely to have major risk factors (ie, cigarette smok-
ing, hypertension, hypercholesterolemia) compared with
survivors. Accordingly, there was an inverse association
between cardiorespiratory fitness, expressed as METs,
and all-cause mortality, even after adjusting for potential
confounding variables. An exercise capacity less than 7
METs was associated with a 1.5-fold higher risk of death
compared with 9 or more METs (P =.05). Death rates in
overweight/obese unfit (bottom 20%) women were more
than double those in fit women (moderate and high car-
diorespiratory fitness) with BMI of 25 kg/m?or higher. In
contrast, there was no association between overweight or
obesity and overall deaths in this cohort of women with im-
paired fasting glucose or previously undiagnosed diabetes.

Fitness AND IMIORTALITY IN WOMEN

One of the seminal epidemiological studies to examine the
association between cardiorespiratory fitness and all-cause
mortality involved 3120 apparently healthy women who
underwent a medical examination and a progressive tread-
mill test to estimate aerobic capacity.”? During an average
follow-up of slightly more than 8 years, 43 women died.
In general, the higher the initial level of aerobic fitness,
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the lower the subsequent death rate from cancer and heart
disease. In agreement with the findings of Lyerly et al,!!
women with an aerobic capacity of 9 METs or greater had
the lowest mortality rate.

Blair et al® examined the relative risk for all-cause mor-
tality for 4 major risk factors (ie, current or recent ciga-
rette smoking, systolic hypertension [blood pressure >140
mm Hg], hypercholesterolemia [cholesterol level >240
mg/dL; to convert to mmol/L, multiply by 0.0259], BMI
>27 kg/m?), as well as low aerobic fitness (20% least fit) in
7080 women who underwent preventive medical examina-
tions. The average follow-up interval was 8.4 years. Unfit
women were 2.23 times as likely to die during follow-up
compared with their fit counterparts. Two provocative find-
ings emerged: moderate fitness seemed to protect against
the influence of other risk factors on mortality, and high-fit
women with any combination of smoking, hypertension, or
hypercholesterolemia had lower adjusted death rates than
low-fit women with none of these risk factors.

Gulati et al'” studied a cohort of 5721 asymptomatic mid-
dle-aged women who were followed up for approximately
8 years. After adjustment for age and traditional risk factors
using the Framingham Risk Score, the risk of all-cause death
doubled or tripled for those in the lowest fitness category
(<5 METs) compared with the subgroup with the highest
exercise capacity (>8 METs). Kavanagh et al’ evaluated the
predictive value of cardiopulmonary exercise testing in 2380
women with known coronary artery disease who were re-
ferred for exercise-based cardiac rehabilitation and followed
up for an average of 6.1 years. Directly measured peak oxy-
gen uptake (peak %2) at program entry proved to be a pow-
erful predictor of cardiovascular and all-cause mortality. The
peak \'/b2 threshold above which there was a marked benefit
in prognosis was 13.0 mL O,/kg/min (3.7 METs). Beyond
that threghold, each 1 mL O, /kg/min (ie, 0.3 MET) increase
in peak Vo, conferred a 10% reduction in cardiac mortality.

Collectively, the aforementioned referenced studies and
numerous other reports support the hypothesis that cardio-
respiratory fitness provides a strong, graded inverse associa-
tion with cardiovascular and all-cause mortality in healthy
and unhealthy populations, irrespective of sex, BMI, major
risk factors, and other comorbid conditions. To our knowl-
edge, the findings of Lyerly et al'! are the first to clarify
the prognostic value of cardiorespiratory fitness levels in
middle-aged women with either impaired fasting glucose or
previously undiagnosed diabetes mellitus, both of which are
associated with an elevated risk of premature mortality.'?

PHysicaL AcTiviTY IN PREVENTION AND

TReATMENT oF DiaBETES MIELLITUS

There is a pathophysiological cascade by which physical
inactivity predisposes to a cluster of metabolic diseases, in-
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FIGURE. The risks of coronary heart disease and cardiovascular dis-
ease decrease linearly in association with increasing percentiles of
physical activity. In contrast, there is a precipitous decrease in risk
when comparing the lowest to the next-lowest category for aerobic
capacity. Beyond this demarcation, the reductions in risk parallel
those observed with increasing physical activity but are essentially
twice as great for aerobic capacity (cardiorespiratory fitness). Data
from Med Sci Sports Exerc.*

cluding impaired fasting glucose and diabetes mellitus, and
the associated cardiovascular sequelae. With a hypokinetic
lifestyle, skeletal muscle down-regulates its capacity to con-
vert nutritional substrates to energy, specifically adenosine
triphosphate. Inactive skeletal muscle’s impaired ability to
oxidize glucose and fatty acids is presumably mediated by
several mechanisms, including decreased mitochondrial
concentration; a reduced ability to remove glucose from
blood due to fewer capillaries and diminished glucose
transporter; and an attenuated capacity to hydrolyze blood
triglycerides to free fatty acids, secondary to decreased li-
poprotein lipase activity and reduced insulin sensitivity.'
Collectively, these metabolic derangements serve to reduce
the capacity to burn fuel, resulting in hyperinsulinemia,
hypertriglyceridemia, and ultimately increased cardiovas-
cular risk.

In contrast, regular moderate to vigorous leisure-time
physical activity (ie, activity sufficient to improve aerobic
fitness) counteracts these deleterious adaptations and di-
minishes the risk factors associated with the development
of diabetes mellitus (eg, excessive adiposity, elevated fast-
ing blood glucose levels). An increase in physical activity
also improves insulin action at the adipocyte, with or with-
out a concomitant reduction in body weight and fat stores.'
This is an important (and often overlooked) salutary effect,
suggesting that physical activity is as efficacious in pre-
venting insulin resistance as is losing body weight.

CARDIOPROTECTIVE EFFECTS OF EXERCISE

Two meta-analyses'>'¢ have shown that regular exercise
participation can decrease the overall risk of cardiovascu-
lar events by up to 50%, presumably from multiple mech-
anisms, including antiatherosclerotic, anti-ischemic, an-
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TABLE. Potential Cardioprotective Effects of Regular Physical Activity

Antiatherosclerotic Psychologic

Antithrombotic

Anti-ischemic Antiarrhythmic

Improved lipids | Depression
Lower BPs | Stress ! Fibrinolysis
Reduced adiposity 1 Social support | Fibrinogen

1 Insulin senstivity
| Inflammation

| Platelet adhesiveness

| Blood viscosity

| Myocardial O, demand
1 Coronary flow

| Endothelial dysfunction
1 EPCs and CACs

1 Nitric oxide

1 Vagal tone
| Adrenergic activity
! HR variability

BP = blood pressure; CACs = cultured/circulating angiogenic cells; EPCs = endothelial progenitor cells; HR = heart rate; 1 =

increased; | = decreased; O, = oxygen.

tiarrhythmic, antithrombotic, and psychological effects
(Table). Because more than 40% of the risk reduction
associated with exercise cannot be explained by changes
in risk factors, Green et al'” proposed a cardioprotective
“vascular conditioning” effect, including enhanced nitric
oxide vasodilator function, improved vascular reactivity,
altered vascular structure, or combinations thereof. De-
creased vulnerability to arrhythmias and increased resis-
tance to ventricular fibrillation have also been postulated
to reflect exercise-related adaptations in autonomic con-
trol. As a consequence of endurance training, sympathetic
drive at rest is reduced and vagal tone is increased. More-
over, recent epidemiological studies have shown that
each 1-MET increase in cardiorespiratory fitness confers
an 8% to 17% reduction in cardiovascular and all-cause
mortality.'®

CoNTEMPORARY EXERCISE RECOMMENDATIONS
As a follow-up to the updated physical activity recom-
mendations from the American College of Sports Medi-
cine and the American Heart Association,' on October 7,
2008, the US Department of Health and Human Services
issued Physical Activity Guidelines for Americans.?® These
evidence-based recommendations were developed to clar-
ify the types and amounts of physical activity needed to
improve and maintain health, with specific reference to
children and adolescents, young and middle-aged adults,
older adults, and people with disabilities and/or chronic
medical conditions. Key guidelines for adults (aged 18-64
years) are listed below.

® For substantial health benefits, adults should do at
least 150 minutes a week of moderate-intensity aerobic
physical activity, 75 minutes a week of vigorous-intensity
aerobic physical activity, or an equivalent combination of
moderate- and vigorous-intensity aerobic activity. Lesser
amounts of physical activity may be beneficial, especially
compared with a habitually sedentary lifestyle. Aerobic ac-
tivity should be performed in bouts of at least 10 minutes
and preferably spread throughout the week.

® For additional health benefits, adults should increase
their aerobic physical activity to 300 minutes a week of

moderate intensity, 150 minutes a week of vigorous inten-
sity, or an equivalent combination of moderate and vigor-
ous intensity.

® Adults should also do muscle-strengthening activities
that involve all major muscle groups on 2 or more days a
week because these activities provide independent and ad-
ditive health benefits.

Unfortunately, structured exercise programs have been
only marginally effective for encouraging people to be
more physically active. Thus, patients should be counseled
to integrate multiple short bouts of physical activity into
their daily lives. Pedometers can be helpful in this regard,?!
as can programs in which they are used (eg, America on the
Move) to enhance awareness of physical activity by pro-
gressively increasing daily step totals.

ImpLicATIONS FOR HEALTH CARE PROFESSIONALS

Although the inverse association between aerobic fit-
ness and cardiovascular and all-cause mortality has been
widely promulgated among physiologists and epidemi-
ologists, the medical community has, to a lesser extent,
embraced cardiorespiratory fitness as one of the stron-
gest and most consistent prognostic markers in persons
with and without heart disease. Low-fit individuals can
especially benefit from exercise counseling to improve
survival.”2 Overweight/obese individuals in particular are
often completely sedentary? and should be strongly en-
couraged to engage in regular walking so they can move
out of the least fit, least active, “high-risk” cohort (bottom
20%). An overwhelming body of scientific and clinical
data, including the findings of Lyerly et al, suggest that
estimation or measurement of cardiorespiratory fitness
can provide independent and additive information to the
Framingham risk score and other clinical markers of risk
stratification (eg, left ventricular ejection fraction).?* Ac-
cordingly, physicians and allied health care profession-
als should expand their medical evaluations and coronary
risk factor profiling to include objective data regarding
their patients’ aerobic capacity expressed relative to age
and sex norms. Avoidance of the lowest category of car-
diorespiratory fitness may be the easiest and least costly
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to introduce, and likely the easiest to maintain, of all in-
terventions shown to favorably modify cardiovascular and
related health outcomes.
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